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Specification 

1. Title of the Invention 
LASER BEAM MACHINING DEVICE 

2. Scope of the Claim 

(1) A laser beam machining device comprising: 

a laser light source emitting laser light to an object to be irradiated; 
a transmitted-light intensity adjuster provided between the laser light source 
and the object to be irradiated, the transmitted-light intensity adjuster adjusting 
transmitted-light intensity of the laser light; 

a light splitter provided between the transmitted-light intensity adjuster and the 
object to be irradiated, the light splitter splitting the laser light before the laser light is 
used to irradiate the object to be irradiated or after the laser light is reflected from the 
object to be irradiated; 

a photometer measuring intensity of the laser light split by the light splitter and 
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outputting photometric information; 

a polarization-plane information generating means generating information 
which indicates a direction of the polarization plane of the transmitted laser light; and 

a control means generating an adjustment signal which controls the 
5 transmitted-light intensity adjuster so that intensity of the laser light emitted to Ihe 
object to be irradiated achieves a predetermined target, based on the photometric 
information and the polarization-plane information, 

wherein the transmitted-light intensity adjuster has a property to change a 
direction of a polarization plane of transmitted laser light which transmits through the 
10 transmitted-light intensity adjuster itself along with the adjustment, and the light splitter 
has a property to change a split ratio in accordance with the direction of the polarization 
plane of the entering transmitted laser light. 
3. Detailed Description of the Invention 

[Field of Industrial Application] 
15 The present invention relates to a laser beam machining device which performs 

processing by using laser light energy. 

[Conventional Art] 

As a device of this kind, one described in Japanese Published Patent 
Application No. S59-40526 has been conventionally known. This laser beam 

20 machining device is provided with a laser light source which emits laser light to an 
object to be irradiated, a transmitted-light intensity adjuster which is provided between 
the laser light source and the object to be irradiated and adjusts transmitted-light 
intensity of the laser light, a light splitter which is provided between the 
transmitted-light intensity adjuster and the object to be irradiated and splits the laser 

25 light before the laser light is used to irradiate the object to be irradiated or after the laser 
light is reflected from the object to be irradiated, and a photometer which measures 
intensity of the laser light split by the light splitter; and this laser beam machining 
device adjusts an output of laser light based on a measurement result of the photometer. 

[Problems to be Solved by the Invention] 

30 As a specific example of the transmitted-light intensity adjuster, the Japanese 

Published Patent Application discloses the following structure. That is, a linearly 
polarized laser light is generated from the laser light source, and this is received by a 
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polarization plate (including a combination of a glass plate provided so as to be plane 
symmetric with respect to a vertical plane of an optical axis and to have a Brewster's 
angle with respect to the optical axis, as disclosed in Japanese Published Patent 
Application No. S55-109588, Japanese Published Patent Application No. S58-89889, 
5 and Japanese Published Patent Application No. S59-228207), and transmitted-light 
intensity is adjusted by rotating this polarization plate around the optical axis of the 
laser light. Accordingly, in such an adjuster, a polarization plane of transmitted laser 
light is changed along with light intensity adjustment. However, because light splitters 
(a half mirror, a dichroic mirror, and the like) generally have polarization properties, a 
10 ratio (a split ratio) of reflected light intensity to transmitted-light intensity is changed 
when the polarization plane of entering laser light is rotated. Therefore, even when 
light split by the light splitter is measured, it becomes difficult to precisely calculate 
intensity of laser light emitted to an object to be irradiated, and it also becomes difficult 
to control the intensity of this laser light to be a desired value. 
15 [Means for Solving the Problem] 

In order to solve this problem, the present invention is a laser beam machining 
device including: a laser light source (1) which emits laser light to an object to be 
irradiated (8); a transmitted-light intensity adjuster (3) which is provided between the 
laser light source and the object to be irradiated and adjusts transmitted-light intensity of 
20 the laser light; a light splitter (6) which is provided between the transmitted-light 
intensity adjuster and the object to be irradiated and splits the laser light before the laser 
light is used to irradiate the object to be irradiated or after the laser light is reflected 
from the object to be irradiated; photometers (10, 100) which measure intensity of the 
laser light split by the light splitter and output photometric information; 
25 polarization-plane information generating means (3, 11) which generate information 
that indicates the direction of the polarization plane of the transmitted laser light; and a 
control means (11) which generates an adjustment signal that controls the 
transmitted-light intensity adjuster (3) so that intensity of the laser light emitted to the 
object to be irradiated achieves a predetermined target, based on the photometric 
30 information and the polarization-plane information, in which the transmitted-light 
intensity adjuster (3) has a property to change a direction of a polarization plane of 
transmitted laser light which transmits through the transmitted-light intensity adjuster 
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itself along with the adjustment, and the light splitter (6) has a property to change a split 
ratio in accordance with the direction of the polarization plane of the entering 
transmitted laser light. 

[Operation] 

5 Because of such a structure, the direction of a polarization plane of laser light 

transmitted through the transmitted-light intensity adjuster (3) is changed along with the 
intensity adjustment, and accordingly, no matter how the split ratio of the light splitter 
(6) is changed, reliable processing can be performed without being affected by that 
influence, 

10 [Embodiment] 

Hereinafter, one embodiment of the present invention will be described with 
reference to a drawing, 
(a) Structure of This Embodiment 

This embodiment is a device which performs correction processing of a circuit 

15 pattern of a large number of LSI chips formed over a wafer by using laser light, and FIG 
1 is a block diagram showing a whole structure thereof. A beam diameter of a laser 
beam la emitted from the laser light source 1 is expanded by a beam expander 2 to be a 
laser beam lb which enters the transmitted-light intensity adjuster 3 in a linear 
polarization state. This adjuster 3, which includes a polarization plate (each prism 

20 such as a Glan-Thompson prism, a Glan-lbylor prism, and a Rochon prism can also be 
adopted) and an electric driving mechanism that rotates this polarization plate around an 
optical axis of laser light, changes intensity of a transmitted laser beam lc in accordance 
with a rotation angle of the polarization plate. The electric driving mechanism is 
formed of a pulse motor and a driving mechanism which rotates the polarization plate in 

25 accordance with a rotation angle of the motor. 

The direction of a polarization plane of the beam lc is rotated along with an 
intensity change. This beam lc is deflected by a reflecting minor 5 and enters the 
light splitter 6. Although the light splitter 6 transmits part of this beam lc and reflects 
part thereof, in accordance with rotation of the polarization plane of entering laser light, 

30 the light splitter 6 has a polarization property in which a ratio (a split ratio) of reflected 
light intensity to transmitted-light intensity is changed. A laser beam Id transmitted 
through the light splitter 6 converges on a wafer 8 as an object to be irradiated through 
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an objective lens 7. This wafer 8 is provided over a movable stage 9. Meanwhile, a 
laser beam le reflected from the light splitter 6 enters the photometer 10. The 
photometer 10 sends this measurement result to a laser light intensity control portion 11. 
This light intensity control portion 11 sends an adjustment signal to the electric 
5 driving mechanism incorporated in the transmitted-light intensity adjuster 3 to control 
this, so that the light intensity control portion 11 adjusts transmitted-light intensity by 
rotating the polarization plate which is also incorporated in the transmitted-light 
intensity adjuster 3. 

This adjustment signal is formed as follows. That is, a relationship between 
10 the direction of the polarization plane of the laser light transmitted through the 
transmitted-light intensity adjuster 3 and a split ratio of the light splitter 6 is determined 
in advance, and split-ratio data to show what the value of the split ratio is when the 
polarization plane has a certain angle is stored in a PROM in a storage device 11a. 

The light intensity control portion 11 obtains information showing the direction 
15 of the polarization plane of the laser beam lc transmitted through the adjuster 3, namely, 
by monitoring an encoder, a potentiometer, or the like which detects a rotation angle of 
the polarization plate of the transmitted-light intensity adjuster 3, and generates digital 
data corresponding to this as polarization-angle data. This polarization-angle data is 
sent to the storage device 11a as address data. The storage device 11a reads the 
20 split-ratio data stored in an address shown by this address data and sends it to the light 
intensity control portion 11. 

The light intensity control portion 11 obtains reflection intensity data 
corresponding to intensity of the beam le that is reflected from the light splitter 6 from 
the photometer 10, and always calculates processing energy data corresponding to 
26 intensity of the beam Id that is transmitted through the splitter 6 and emitted to the 
wafer 8 by using this reflection intensity data and the split-ratio data from the storage 
device 11a. 

In addition, the control portion 11 always calculates a difference between this 
processing energy data and a target value set in advance and generates a signal which 
30 rotates the polarization plate of the adjuster 3 in a direction where this difference is 
reduced as the adjustment signal. The control portion 11 continues the generation of 
the adjustment signal while the above difference remains and stops this when the 



5/9 



001-571434291 6=RIPLO /8 1-046270208 1=SEL-Se rvc r/07-1 2-1 7-1 4: 56/001-007 

English Translation of JP S63-123588 

difference disappears. 

The transmitted-light intensity adjuster 3 rotates the polarization plate 
incorporated therein by receiving this adjustment signal and stops rotation of the 
polarization plate when an output of the adjustment signal stops. At this time, 
5 processing energy of a beam 3 emitted to the wafer 8 matches the target value. 

A central control portion 12 outputs a signal which performs centralized control 
of the laser light source 1, the laser light intensity control portion 11, and a stage control 
portion 13. 

The stage control portion 13 performs drive control of the stage 9. 
10 (b) Operation of This Embodiment 

Next, the operation of this embodiment will be described, 
i. Initialization Operation of Processing Energy 

Before processing is added to the wafer in practice, an operation to set 
processing energy as appropriate is done. In order to start this operation, the central 
15 control portion 12 sends a control signal to the stage control portion 13 to drive the 
stage 9. By this drive of the stage 9, an ineffective portion of a surface of the wafer 8 
where a circuit is not formed is located under an optical axis of the objective lens 7. 
Then, the central control portion 12 makes the laser light source system 1 emit the laser 
beam la. This beam la becomes the beam Id through the above optical system 2 or 7 
20 and is emitted to the ineffective portion of the wafer 8. In the case where the intensity 
of this beam Id is high, this ineffective portion is processed; however, there is no effect 
on a circuit formation portion. 

The intensity of the beam le reflected from the light splitter 6 is measured by 
the photometer 10, the above control is performed based on reflected light intensity data 
25 which is the result, and processing energy to the wafer 8 by the beam Id is adjusted to 
the target value. When this adjustment is completed, the central control portion 12 
sends a control signal to the light source system 1 and stops emission of the laser beam 
la. This makes the setting operation of processing energy complete. 

Note that, when a mechanical shutter, an acoustooptic element, or the like is 
30 provided between the light splitter 6 and the wafer 8 and the wafer 8 is not irradiated 
with the beam le at the time of the initialization operation of processing energy, the 
ineffective portion of the wafer 8 need not be positioned with respect to the beam Id. 
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ii. Processing Operation 

When the setting operation of processing energy is completed, the central 
control portion 12 carries out the actual processing in the following steps. In a storage 
device incorporated in the central control portion 12, position information of a portion 
5 of the wafer 8 required for processing and information of processing sequence thereof 
are stored. This information is sequentially sent to the stage control portion 13, the 
stage 9 is driven in accordance with this information, and the portion of the wafer 8 
required for processing is positioned with respect to the beam Id. When positioning is 
completed, the central control portion 12 sends a control signal to the laser light source 
10 system 1 and makes the laser beam la with the intensity set in advance emitted. This 
beam la becomes the beam Id through the optical system 2 or 7, and the portion of the 
wafer 8 required for processing is processed. As specific examples of this processing, 
there are annealing and cutting of a circuit line of an integrated circuit. 

Even when the intensity of the beam Id is changed due to some reason during 
15 this processing, the intensity of the beam Id can be held constant by control similar to 
that described above. 

When this processing is terminated, the central control portion 12 sends a 
control signal to the laser light source system 1 to stop light transmission of the beam la, 
and subsequently, the central control portion 12 sends a control signal to the stage 
20 control portion 13 to position the next portion required for processing under the beam 
Id. Then, similarly to the above description, processing here is performed. The 
above operations are repeated until there is no portion required for processing. 

A photometer 100 receives and detects laser light which is reflected from the 
wafer 8 from the light splitter 6 and can be used just the same as the photometer 10. In 
25 addition, when measurement results of this and the photometer 10 are compared, the 
split ratio of the light splitter 6 and energy absorbed by the wafer 8 as shown in 
Japanese Published Patent Application No. S59-40526 can be calculated, 

A photometer 1000, which is provided over the stage, receives the beam Id and 
can directly detect the intensity thereof. Therefore, initial setting of processing energy 
30 can be performed without emission of the beam le to the ineffective portion of the 
wafer 8. Further, when measurement results of this photometer 1000 and the 
photometer 10 are compared, the split ratio of the light splitter 6 can be known. 
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Note that, in the case where required processing energy differs every portion of 
the wafer 8 required for processing, the information thereof is stored in the storage 
device in the central control portion 12, and this information is read every time one 
processing is completed, and resetting of processing energy may be performed by a 
5 method similar to the above initialization operation of processing energy. 

Next, another control example of matching the processing laser beam Id to the 
target value will be described. 

The light intensity control portion 11 obtains data corresponding to the 
intensity of the laser beam Id which is currently transmitted through the light splitter 6 
10 and emitted to the wafer 8 from the measurement result of the photometer 100 or 1000, 
calculates a ratio of this to the target value set in advance, and generates data 
corresponding to this as ratio data. Then, the control portion 11 obtains 
polarization-angle data which shows the direction of the polarization plane of the laser 
beam lc transmitted through the adjuster 3 by monitoring an encoder which detects the 
15 rotation angle of the polarization plate. Then, the control portion 11 generates address 
data which sets the ratio data and the polarization-angle data as a high-order bit and a 
low-order bit, respectively. This address data is used to read adjustment data stored in 
advance in the PROM in the storage device Ua. This adjustment data indicates to 
which direction and how much the polarization plate incorporated in the adjuster 3 
20 should be rotated from a current state in order to set permeability of composition of the 
polarization plate and the light splitter 6 so as to eliminate a difference between the light 
intensity of the current laser beam Id and the target value, and the adjustment data is 
calculated in advance by an experiment and stored in the storage device 11a. That is, 
this adjustment data is set in consideration of the split ratio of the light splitter 6 which 
25 is changed in accordance with the rotation angle of the polarization plate. The light 
intensity control portion 11 generates an adjustment signal in accordance with this 
adjustment data. 

The adjuster 3, which receives this adjustment signal, adjusts light intensity of 
the transmitted laser beam and makes the beam Id from the light splitter 6 target light 
30 intensity. 

(Effect of the Invention] 
As described above, according to the laser beam machining device of the 
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present invention, the direction of .he po.arU.tion p..ne of the User light —ted 
.taongh the unnsmiued-light intensity adjuster (3) is changed along with the ,ntens..y 
.djnstment, and accordingly, even no mener how the split ratio of the light spUUer 6 rs 
changed, reliable processing can be performed without being affected by .ha. tnfluence. 
6 4 Brief Description of the Drawing 

FIG 1 is a block diagram showing a structure of one embodiment of the present 

invention. 

[Description of the Numerals of Main Portions] 

g object to be irradiated 

10 l laser light source 

3 transmitted-light intensity adjuster 

6 light splitter 

10, 100 photometer 

3> u polarization-plane information generating means 

15 ii control means 

Applicant: Nippon Kogaku Kogyo K.K. 
Representative: Patent attorney: Takao WATANABE 
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ABSTRACT : 

PURPOSE: To enable a sure working without receiving the effect even if how 
the division ratio of an optical divider varies by providing the generation 
means of the information in the polarizing direction of a laser light and the 
control means to form the adjusting signal controlling a transmission light 
intensity adjuster. 

CONSTITUTION: In the memory device built in a center control part 12, the 
positional information of the place to be worked of a wafer 8 and the 
information of its working order are stored. These informations are sent in 
order to a stage control part 13, a stage 9 is driven according to the 
information and the working place of the wafer 8 is located for a beam Id. On 
completion of the positioning the central control part 12 transmits a control 
signal to a laser light source system 1 and a laser beam la is projected at a 
preset intensity. This beam la becomes the beam Id via each optical system 2 
or 7 and impresses the work place of the wafer 8. On completion of this work 
the central control part 12 stops the emission of the beam la by transmitting a 
control signal to the laser light source system 1 and the succeeding work place 
is located under the' beam Id by transmitting a control signal to the stage 
control part 13 in succession. 
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